The electrochemical behavior of ethylene on PANI/Pt and Ag/PANI/Pt modified electrodes was investigated in different media. Morphology of the deposits of PANI were observed by SEM analysis, complemented by the EDX techniques to obtain the Ag composition that shows that Ag is deposited in the polymeric matrix which covered the whole platinum surface. The electrodic system comprising Ag/PANI/ Pt electrode exhibited a more important electrocatalytic response for ethylene oxidation in neutral solutions than the PAN/Pt and Pt electrodes at 20 o C.The results suggest that the oxidation of ethylene on Ag/PANI/Pt electrode is limited by adsorption-controlled reaction while the oxidation at PANI/Pt is mass transport-limited.
INTRODUCTION
The use of electrochemical reactions to produce species capable of initiating polymerization processes, has allowed obtaining products that conventionally cannot be obtained, which can be drawn much benefit. It may solve problems, such as improving the energy conversion to electricity, its accumulation and development of new methods for production of substances without danger of contamination, among others. An example of this is anodically oxidize organic compounds such as methanol, ethylene, etc., to convert the chemical energy contained in their bonds directly into electricity, by designing electrocatalysts. At present, there is considerable interest in the use of hydrocarbon oxidation reactions as a source of energy and the use of raw material for obtaining other products of great industrial importance. Traditionally in the sixties, the electrochemical oxidation of ethylene on noble metals was studied at high temperature (80 °C) and pH. [1] [2] [3] Under these conditions, ethylene can only be anodically oxidized to CO 2 :
Electrocatalytic applications utilizing conducting polymer should offer a potential increase in operational efficiency, and this has been the subject of a great deal of investigations. Polyaniline (PANI) is particularly interesting among the conducting polymers because of its stability under atmospheric condition and its good conductivity. [7] [8] [9] It has been found that PANI offers a protective matrix for Pt microparticles dispersed into the polymer films. [10] [11] [12] [13] [14] To our best knowledge, there is no formal report about electrochemical oxidation of ethylene at polymer modified electrode. In the present report, we discuss the ethylene preliminary results of electrochemical oxidation behavior on PANI/Pt and on PANI/Pt with dispersed Ag.
EXPERIMENTAL Reagents
Aniline (Aldrich) was used immediately after distilling under reduced pressure. Ethylene (Mathesson, 99.99% purity) was used directly, H 2 SO 4 95-99%, HCl 37%, Na 2 SO 4 99%, Na 2 ClO 4 reagent grade quality were purchased from Riedel-de Haën. These and all other reagent grade chemicals were used as received.
Apparatus
Electrochemical measurements were performed in a conventional three-electrode cell. The working electrode was a modified Pt (0.6 cm 2 real surface) and a graphite carbon was used as the counter-electrode (1.5 cm 2 real surface). All potentials in the paper are reported vs. Ag/AgCl.
The experiments were carried out using an EG&G model PAR 273A Potentiostat-Galvanostat, under direct computer control. The morphology and composition of the polymer-catalyst assemblies were determined using a Hitachi S-2500 scanning electron microscope.
RESULTS AND DISCUSSION

Formation and characterization of the PANI and Ag-PANI films at Pt electrodes
Preparation and electrochemical response of the modified electrodes polyaniline-modified electrodes were obtained by continuous cycling of the electrode potential and a pulse technique. Film formation was examined in different electrolytes (H 2 SO 4 , NaClO 4 , Na 2 SO 4 ). The redox couple response was obtained in the three systems, however, in 0.60 mol L -1 H 2 SO 4 and 0.25 mol L -1 Na 2 SO 4 , the behavior was most reproducible, and the results presented there are in this media. Figure 1 shows the voltammograms of PANI formation by a cyclic voltammetric (CV) technique after ten cycles on a platinum electrode, obtained between -0.600 and 0.800
0.25 mol L -1 Na 2 SO 4 , 0.25 mol L -1 aniline at 20 °C. The multiple redox waves indicate the complexity of the electrooxidation of aniline which involves the coupled multiple heterogeneous electron transfer reactions and homogeneous chemical. [15] [16] [17] [18] [19] [20] [21] The literature reports that the PANI films formed at slow scan rates were very different from those produced at fast scans. The difference arises from different reactions in the polymerization pathways 22 that are important at different time scales. In this work, the PANI films had been synthesized at slow rates (10 mV s -1 ). Different electrooxidation process of PANI had been proposed; 22 the redox current corresponds to the formation/ removal of the radical cation (polaron) sites in the PANI polymer chain. PANI differs from the majority of organic conducting polymers in that the counterions needed for electroneutrality are protons chemically bonded to the polymer backbone, this might lessen the degree of localization due to an irregular coulomb potential; their electrostatic repulsion causes a Peierls' distortion, and the distortion favors the formation of an energy gap. 23 Thus, the fully oxidized state loses the conductivity.
SEM examined the film formed at a slow scan rate (10 mV s -1 ). The topography of the film (Figure 2a) shows that the polymer is both amorphous and highly porous, with micro-peaks and micro-valley. In Figure  2b , the higher magnification micrograph reveals particles of uniform size with a chain microfiber structure. The fiber thickness was about 0.36 µm, which exhibited some branching. Gaps of approximately 90 µm were observed between branches. Similar microstructures have been previously reported for PAN films prepared in the presence of H 2 SO 4 or HCl, this morphology is characteristic of the emeraldine state. 24, 25 In Figure 3 , the PANI films obtained by a pulse technique in the similar solutions to the CV case are shown. The potentiostatic synthesis was performed at 0.600 V. Variations of the preparation technique produce morphology changes, which has a flakes structure of low porosity, it is denser, irregular and with large flakes in comparison to that obtained with CV. This characteristic has been associated to a very fast polymer growth. This morphology type is very similar to that present when PANI is synthesized via CV at scan rates higher than 200 mV s -1 . In this work, the PANI/Pt was prepared by CV at 10 mV s -1 , since ethylene electrooxidation was the most reproducible. The oxidation charge, Q, of the final voltammetric curve was used as a relative measurement of film thickness and it was compared with that obtained from chronocoulometry. The total charge passing the electrode was measured and ranged from 200 to 400 µC. The film obtained when Q=225 µC cm -2 was chosen for the electrode modification. The film thickness was estimated from the film capacitance using the thickness data reported by Wrighton et al. 26 The film thickness for deposition under these conditions was 2.7µm. Electrodeposition of silver on the polymer-coated electrode was carried out at constant potential (-0.200V vs. Ag/AgCl) from a 1 x 10 -3 25 mol L -1 AgNO 3 solutions. After each transient, the charge for Ag deposition was 127 µC.
Scanning electron microscopy reveals a transition in the growth mode and Ag atoms finely dispersed on the polymer surface as well as embedded into the PANI fibrils (Figure 4a ). At higher Ag loading (127 µC), silver clusters were irregularly covering the polymer surface (Figure 4b ). The EDX shows that Ag grows on the polymer and not (Figure 4c ). The PANI/Pt and Ag/PANI/Pt modified electrodes showed a remarkable stability in neutral solutions and no visible polymer degradation was observed after more than 5 h.
Electrochemical response of modified electrodes in the presence of ethylene
The platinum electrode has no ethylene oxidation activity in a neutral medium (0.25 mol L -1 NaClO 4 ) at 20 °C, Figure 5 . In neutral pH solution, the conductive properties of polyaniline can be favored between 0 and 1.0 V, a potential range where the polyaniline is also stable. Figure 6 shows the stable ethylene oxidation voltammetric curves at PANI/Pt (Figure 6b ), Ag/PANI/Pt ( Figure  6c ) and Pt (Figure 6a ) modified electrodes in 0.25 mol L -1 NaClO 4 , at 20 mV s -1 . In this neutral solution, ethylene oxidation current at PANI/Pt begins to increase at 0.800 V and one anodic peak is detected, which is significantly different from the onset of ethylene oxidation on the Ag/PANI/ Pt which occurs at 0.650 V. The current in the last case was higher by a factor of two compared to that on the PANI/Pt modified electrode. This could be a consequence of the active sites distribution and its uniformity requiring less positive potentials for ethylene oxidation, taking place on energetically more favored sites. The current density and potential data obtained at PANI/Pt and Ag/ PANI/Pt electrodes modified in different electrolytic medias (Na 2 SO 4 and NaClO 4 ) show the responses most favorable for Ag/PANI/Pt electrode in NaClO 4 . In this case, a catalytic effect in current density (2.162 µA) and potential shifted to a less positive value (0.650 V) in relation to the oxidation of ethylene at PANI/Pt.
At PANI/Pt electrode the peak current (I pc ) depends linearly on ν 1/2 (Figure 7a ), where v is the scan rate, as expected for a diffusion--controlled reaction. In the Ag/PANI/Pt electrode case, the current peak depends linearly on ν (Figure 7b) , as expected for an adsorption--controlled reaction.
Further evidence that the Ag micro-particles are mechanically stabilized in the polyaniline matrix was demonstrated by ultrasonication of the Ag/PANI/Pt electrodes.
The promoting effect of Ag particles in the polymeric matrix was observed only at loading level near 127 µA. At higher Ag, loading of 127 µC, the electrode showed no activity for ethylene oxidation; in this case, scanning electron microscopy shows that silver clusters were irregularly covering the polymer surface. This promoting effect has been explained based on a preferential ethylene adsorption on Ag sites. A probable scheme with ethylene molecules adsorbing the Ag particle, which leads to the oxidation catalyses of the strongly adsorbed ethylene, is depicted in Figure 8 . The ethylene is adsorbed preferentially on the Ag particles, probably oxidized to AgO.
More studies, based on polymer film thickness, silver particle size variation (synthesizing silver nanoparticles) and the transient study, are clearly necessary to investigate this behavior, perform electrolysis of ethylene oxidation at modified electrodes and subsequent analysis of possible products by chromatography.
CONCLUSION
The Ag/PANI/Pt system showed ethylene oxidation activity greater by a factor of two compared to PANI/Pt. Ethylene oxidation currents were appreciable only at Ag loadings ca. 127 µc cm -2 ; at higher Ag, the system losses catalytic activity. These results indicate that, at low loading, the silver particle is deposited mainly inside the polymer on its internal surface and a minimum load is required for tridimensional dispersion. Cyclic voltammetric behavior of a polymer-catalyst assembly during the ethylene oxidation shows preferential adsorption for ethylene oxidation on the Ag/PANI/Pt electrode and a diffusion process for PANI/Pt.
